Concentrations of four cations, protein content and osmolarity were measured on coelomic fluids and sera from 8 salmonid species. Sodium was the major cation in both serum and coelomic fluid. The concentrations ranged 144-163 mm in serum and 146-163 mm in coelomic fluid and showed similar levels between serum and coelomic fluid in the same species. Meanwhile, potassium concentrations of both fluids varied in species (serum, 0.25-2.50 mm; coelomic fluid 2.44-3.81 mm), and tend to be high in coelomic fluid. On the contrary, magnesium concentrations of coelomic fluid were lower than those of serum. Protein concentration of coelomic fluid was about 7-20% of that in serum in the individual species. Osmolality of coelomic fluid measured by the freezing point depression was only slightly but lower than the level of serum in all species. Immunoelectrophoretic test using antiserum against male serum proteins demonstrated that a part of coelomic fluid proteins originated from blood.
The ovary of salmonid fish belonging to the gymnovarian type partially lacks the ovarian membrane which covers ovigerous lamella.1) Therefore, ripe eggs are ovulated in the coelomic cavity and immersed in viscous fluid until spawning.2) This fluid, termed coelomic fluid, appears to protect ripe eggs from physical shocks and aid spawning as a lubricant.3) Moreover, the coelomic fluid of salmonid fish has physiological functions such as an activation and prolongation of sperm motility,2,4,5) and the preservation of unfertilized eggs. 2, 6) In relation to these interests con cerned with its functions, the chemical properties of this fluid have been analyzed, e.g., pH, freezing point de pression2) and ionic constituents.7-10) However, informa tion is fragmentary and limited in a few salmonid species.
In this study, the concentrations of major cations, pro tein content and osmolality of coelomic fluid from eight salmonid species were determined for the purpose, 1) to confirm whether the values of ionic concentrations and protein content reported previously are general for species belonging to the family Salmonidae, and 2) to clarify the chemical characteristics. In addition, an immunoelectro phoretic detection of serum proteins in the coelomic fluid was carried out on chum salmon Oncorhynchus keta to elucidate the origin of coelomic fluid. We also discussed the possible biological function of the chemical constituents of this fluid.
Materials and Methods
The names of fish species belonging to the family Salmonidae used in this study and the places where fish were sampled are listed in Table 1 The concentrations of sodium and potassium were measured by flame photometry, and calcium and mag nesium by atomic absorption spectrophotometry using a Hitachi 518 atomic absorption spectrophotometer . Protein concentrations were determined by the method of Lowry et al.,11) using bovine serum albumin as a standard. Osmolality was measured by a semi-micro osmometer (Knauer type M). 
Results
Concentrations of four major cations and protein , and osmolality in eight salmonid species are summarized in Table 2 . Sodium levels of coelomic fluid ranged from 146 mm to 163 mm and no differences among three genera could be detected. Sodium levels of coelomic fluid were not significantly different from those of serum in the individual species, except kokanee in which the sodium level of coelomic fluid was significantly higher (p <0 .01) than that in serum.
Differences were recognized between coelomic fluid and serum in potassium concentrations . The potassium level of coelomic fluid ranging 2.44-3.81 mM was generally higher than that in serum (0.25-2.50 mm) within the same species , In kokanee, it was about fifteen times that in serum. In calcium concentrations, significantly lower levels were observed in three of eight species. Magnesium concentra tions of coelomic fluid (0.45-1.66 mm) were slightly but significantly lower (p<0.01) than in serum (1. 12-2.98 mu) in seven of eight species.
Protein concentrations of coelomic fluid were quite low (2.5-10.0 mg/ml) compared with serum (34.3-49.3 mg/ml) in all fish examined. The osmolality of coelomic fluids ranging from 286-324 mOsm/kg was always less than in Fig. 1 . Crossed-immunoelectrophoretic pattern of coelomic fluid of chum salmon.
Gel of the second dimension contained antiserum against male chum salmon serum (a-MS). 
Discussion
The coelomic fluid of salmonid fish was transparent and slightly viscous and in which, ovulated unfertilized eggs were immersed. Four cationic concentrations of coelomic fluid were Na+, 146.1-163.2 mm; K+, 2.44-3.81 mm; Ca 2+, 2.16-5.37 mM; Mg2+ 0.45-1.66 mm, and no systematic difference between the three genera was observed. The results obtained in previous reports analyzing these cationic constituents of coelomic fluids of Atlantic salmon, Na+, 148.3 mm; K+, 3.07 ram; Ca 2 +, 1.85 mm; Mgt +, 0.68 mM,7) rainbow trout, Na+, 145.0mM; K+, 3.86mM; Ca 2+, 4.45 mm; Mg2+, 0.58 mm,9) and chum salmon after freshwater adaptation, Na+, 146mM; K+, 4.0mM; Ca 2+, 1.7 mm; Mg2+, 0.5mM,10) agree well with our analytical data. It is thus demonstrated that the levels of the four cationic concentrations are nearly common to salmonid species. The cationic constituents of coelomic fluid essentially resembled those in serum. However, higher po tassium and lower magnesium levels characterize the ca tionic constituents of this fluid when compared with those of serum. In medaka Oryzias latipes14) and masked greenling Hexagrammos octogrammus,15) a part of the constituents of ovarian fluid is suggested to be originated from the secretion of exocrine (apocrine) by ovarian epithelial cells. Our previous report also suggests the occurrence of exocrine secretion in the coelomic epithelium and mesovarium at the time of coelomic fluid production in chum salmon.16) The excess potassium level in the coelomic fluid may thus be caused by a mix of intracellular fluid contained in the secretion of these glandular epithelial cells. The coelomic fluid of salmonid fish contains a small amount of protein, for example 4 mg/mll7) and 3.9 mg/ml4 in rainbow trout, and 3.6 mg/ml10) in freshwater-adapted chum salmon. Those values agree with our data (2.5 10.0 mg/ml) obtained from the coelomic fluid of eight salmonid fish. The lower osmolality of coelomic fluid compared to that of serum from the same species, seems to occur by the scarce amounts of protein. In spite of the low protein level in the coelomic fluid of chum salmon, many kinds of proteins with the common antigenicity to serum proteins were found. This result indicates that the protein constituents of coelomic fluid possibly originate to some extent from the blood. A specific protein synthesized in coelomic and mesovarial epithelial cells, was found in coelomic fluid. 18) A novel highly acidic glycoprotein (KDN-gp) was also detected in the coelomic fluid of rainbow trout. 19) These findings indicate, as suggested in the previous report,10) that coelomic fluid is not a simple dialysate of blood plasma. The protein of coelomic fluid thus originated at least from two different organs, blood and the inner epithelium of coelom.
The in vitro preservation of unfertilized eggs in coelomic fluid of chum salmon indicated that the fertility of eggs was maintained at about 80% after four days incubation.6) The superiority of coelomic fluid to a physiological saline in keeping the fertility of salmonid eggs has also been re ported.2) A physiologically active substance may possibly be present in coelomic fluid to maintain an ability of fertilization of eggs in salmonid fish. In medaka, it has been suggested that extracellular calcium ions play an important role in fertilization.20,21 ) The need of calcium ions for the contact of gametes has also been suggested in salmonids.22) Therefore, the coelomic fluid may act on a pool of calcium indispensable to successful fertilization in salmonid fish.
For an another function of coelomic fluid, an effect for prolongation of sperm motility has been pointed out.2,4,5) The duration of sperm motility in freshwater is about one minute in most salmonid species.23) The dilution of sperm with coelomic fluid prolongs the duration of sperm motility.2 5) The existence of CaCl2 in insemination medium appears to prolong sperm motility in the same manner as in coelomic fluid in masu salmon .24) The addition of bovine serum albumin to a diluent for artificial insemination (NaCl solution, 250 mosmol, pH 9.0, 0.02 M Tris-buffer, 0.05 M glycine) also prolongs sperm motility.4) The inorganic and organic constituents of coelomic fluid thus provide suitable conditions for sperm motility. The prolongation of sperm motility and the supply of ionic effecter for successful fertilization seems to be the important roles of coelomic fluid at the time of their natural spawning. 
